Myofascial pain is prevalent chronic pain disorder that is comorbid with many conditions. Strengthening and stretching exercises are capable of inducing hypoalgesic effects in people with myofascial pain syndrome. The goal of this systematic review was to summarize the effects of aerobic exercise on the management of myofascial pain. A comprehensive database search was conducted. A total of 1,331 articles were identified for review. One article was eligible for inclusion after full screening. Risk of bias was assessed using the Downs and Black quality assessment questionnaire (1998). Mean difference scores were calculated for continuous variables. The identified study had a low risk of bias. It was a randomized controlled trial assessing the influence of an 8-week water aerobic exercise program on myofascial pain in breast cancer patients. Visual analogue scale pain intensity ratings and the number of myofascial trigger points present in the neck and shoulder/axillary area of participants significantly decreased in the exercise group compared to those in the control group. Pain pressure thresholds significantly increased in muscle areas of the cervical spine in the water exercise group. Aerobic exercise presents a potential treatment modality for managing myofascial pain. Additional research is necessary.
INTRODUCTION
Myofascial pain syndrome (MPS) is a prevalent chronic pain disorder affecting approximately 85% of patients in pain clinics and 9% of the patient population in internal medicine clinics (Gerwin, 2001) . At some time in their lives, 85% of the general population presents with myofascial pain (Simons, 1996) . Myofascial pain is characterized by myofascial trigger points (MTrPs), which are localized hyperirritable taut bands of skeletal muscle (Lavelle et al., 2007) . Hypotheses in the literature suggest that trigger points are induced by central and peripheral sensitization states as well as systemic inflammation (Fernández-de-las-Peñas and Dommerholt, 2014) . Central sensitization is also thought to induce MTrP formation due to neuroplasticity within the dorsal horn that is associated with chronic peripheral nociceptive input (Srbely et al., 2010) .
Currently, the most effective methods for managing myofascial pain aim to treat MTrPs, as they are the primary triggers of generalized and referred pain in myofascial pain disorders. Common interventions include a combination of stretching and strengthening exercises, dry needling, and injections of local anaesthetics and/or corticosteroids into MTrPs, which work to overcome the energy crisis within a trigger point (Gerwin, 2014) . MTrPs receive poor oxygen and energy supplies from the blood due to their contracted state. Low oxygen and energy availability contributes further to the maintenance of the contracted state within the MTrP, as adenosine triphosphate and oxygen are required to relax a muscle. The goal of myofascial pain interventions is to increase blood flow to the trigger point, which diffuses pro-inflammatory markers and brings metabolic resources to the trigger point. This attenuates pain, reduces inflammation, and can reduce or resolve the trigger point (Ortega et al., 2009; Shah and Gilliams, 2008) . Aerobic exercise achieves this effect by increasing blood pressure, flow and blood oxygen saturation allowing for more blood and metabolic substrates to enter the MTrP.
Aerobic exercise also provides many benefits against central sensitization. It is capable of inducing hypoalgesia by increasing pain pressure thresholds in muscle tissue (Drury et al., 2004; Koltyn et al., 2014; Ristic and Ellrich, 2015; Vaegter et al., 2014) . In patients with fibromyalgia, aerobic exercise has been shown to reduce circulating levels of pro inflammatory markers such as interleukin (IL)-6 and IL-8 to normal levels and can also reduce substance P, which strengthening exercise is not capable of inducing (Mork et al., 2010; Wang et al., 2008) . Aerobic exercise also promotes the production of anti-inflammatory cytokines such as IL-10 and decreases in insulin like growth factor 1 (Haydar et al., 2000; Irwin et al., 2009; Ortega et al., 2009) . It potentiates the release of endogenous opioids, catecholamines, endocannabinoids, and endomorphins, which are all substances capable of inducing hypoalgesia (Dishman and O'Connor, 2009; McMurray et al., 1987) . Therefore, aerobic exercise may modulate central sensitization mechanisms, increase pain thresholds, and reduce the formation of MTrPs. Aerobic exercise provides a potential noninvasive and cost effective alternative or complementary treatment to current management strategies.
The purpose of this systematic review was to identify evidence in the literature on the therapeutic benefit of aerobic exercise on myofascial pain. This review asks the following: Does aerobic exercise mitigate pain, number of MTrPs, and improve overall functionality in MPS? Results from this study will provide insight into the specific benefits of aerobic exercise on myofascial pain management, informing its prescriptive appropriateness.
MATERIALS AND METHODS

Study types
Randomized controlled trials (RCTs) and quasi-RCTs investigating the effects of aerobic exercises on myofascial pain were included in this review. Only English studies were included. Systematic reviews, case control, case reports, and cohort were excluded. Studies published only as abstracts were also excluded.
Inclusion criteria for participants
· Patients that present MTrPs. · Presence of MTrPs confirmed by expert diagnosis.
· Meet criteria for MTrP detection as agreed upon in the literature (Kumbhare et al., 2017; Rivers et al., 2015) . A tender spot is found within palpation, with or without referral of pain (trigger point); recognition of symptoms by patient during palpation of tender spot; at least three of the following: · Muscle stiffness of spasm. · Limited range of motion of an associated joint. · Pain worsens with stress. · Palpation of taut band and/or nodule associated with a tender spot. Types of interventions · Aerobic exercise of any intensity (i.e., swimming, walking, running). · Minimum duration of 4 weeks for intervention (an exercise intervention of less than 4 weeks is unlikely to induce therapeutic benefits (Stroth et al., 2009 ).
Comparison group · Control group: no exercise. · Alternative intervention group: treatments that do not involve exercise (e.g., dry needling, analgesics, cognitive behavioural therapy).
Outcome measures · Pain intensity measures (e.g., visual analogue scale, VAS). · Pain pressure thresholds using algometry. · Use of analgesics. · Number of trigger points determined by palpation: active and latent trigger points were combined because the pathophysiology underlying their formation is not fully understood (Gerwin, 2014 ). · Functionality measures (e.g., Roland Morris Disability Questionnaire, Neck Disability Index). · Range of motion.
Search Methods for the identification of studies
A comprehensive database search was conducted by an Information Specialist (JB) in MEDLINE (including MEDLINE ePub Ahead of Print, In-Process, and Other Non-Indexed Citations), Embase, the Cochrane CENTRAL Register of Controlled Trials, and Web of Science. Searches in each database were conducted from inception of the database to November 2016. The search strategy included a variety of subject headings (e.g., MeSH) and text words to describe "myofascial pain syndrome" and "exercise." Searches were limited to English language papers, and to a human population when possible. The full MEDLINE search can be reviewed in Appendix. Duplicates were removed using the citation software Endnote.
Data collection
Two reviewers independently assessed the resultant articles from the systematic search. The strategy used during the initial screening was to obtain titles and abstracts relevant to the review. Studies that did not pass the inclusion criteria were discarded and those that fulfilled the criteria remained for a full text screening. A third reviewer CH resolved conflicts. Once conflicts were resolved, reviewers SA and SK screened the full text articles and determined those to be included in the review. The same reviewers extracted data independently using standard data extraction forms. Where more than one publication of one trial existed, only the publication with the most complete data was included.
Risk of bias
Reviewers assessed the risk of bias within studies independently, without blinding to authorship or journal. The Downs and Black (1998) checklist for methodological quality in randomized and non-randomized studies of healthcare interventions was used to assess the following measures: selection, performance, measurement, validity, attrition, reporting of data, and statistical power.
Statistical analysis
The effect measures chosen were risk ratios for dichotomous outcomes and mean differences (MD) or standardized mean differences (SMD) for continuous data. Uncertainty was expressed using 95% confidence intervals. Cohen criteria was used to determine the effect size of SMDs, where a SMD between 0.2 to 0.5 is small, and a SMD between 0.5 to 0.8 is moderate, and a SMD above 0.8 is large. SMDs below 0.2 were considered unsubstantial. Pooled data would be synthesized using a fixed-effects model for certain dichotomous data and a random-effects model for all continuous data. Whenever possible, we would compare fixed-effects and random-effects if there was data.
The chi-square test was used to assess heterogeneity with an alpha of 0.05. The I 2 test for heterogeneity was used when applicable; with <25% representing low heterogeneity, 25% to 50% representing moderate heterogeneity, and over 50% representing high heterogeneity. Clinical and methodological variability were assessed to determine sources of heterogeneity. Clinical variables may include age, duration of pain, and sex of patients. Methodological variables could include duration of exercise intervention, type of aerobic exercise, randomization, and blinding of assessors.
RESULTS
There were 1,331 articles detected by our systematic search after the removal of duplicates. Twenty-three articles were eligible for a full screen after the assessment of titles and abstracts using the inclusion and exclusion criteria. Only one study was eligible for inclusion from these articles, the remaining 22 articles did not utilize an aerobic exercise intervention but rather strengthening and stretching exercises, or a combination of both. Fig. 1 outlines the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the search.
The study done by Cantarero-Villanueva et al. (2012) was the only study that met our inclusion/exclusion criteria. This RCT assessed the impact of aerobic swimming exercise supplemented with strengthening and stretching exercises in breast cancer patients with MTrPs and cervical and shoulder-axillary pain. Patients who have undergone a mastectomy, were not on any treatment except hormone therapy, and had myofascial pain were included. Seventy patients were enrolled in the study after a 90% powered analysis. Four subjects were excluded prior to the intervention and the reason was not provided. Sixty-six patients were equally randomized using computer-generated numbers into two groups, a water exercise intervention or a control group. One participant did not complete the intervention and the reason was not provided. The intervention group engaged in a water exercise program three times a week for eight consecutive weeks. Each session was held in a warm pool for one hour. The first 10 min was warm up which consisted of slow aerobic movements and stretching. The next 35 min consisted of low intensity endurance and core stability training. The final 15 min were a cool down period along with neck and shoulder stretching and relaxation exercises. Patient outcomes were assessed at baseline and after the 8-week intervention. The study outcomes were (a) VAS scores for neck and shoulder-axillary pain, (b) pressure pain threshold in the affected and unaffected sides of the zygapophyseal joints, deltoid, second metacarpal, and tibialis anterior muscles, (c) number and location of active and latent trigger points in the affected and unaffected sides of the upper trapezius, levator scapulae, scalene, pectoralis major, and infraspinatus muscles.
Risk of bias assessment
According to Downs and Black's (1998) checklist for methodological quality in randomized and non-randomized studies of healthcare interventions the study of Cantarero-Villanueva et al. (2012) study was determined to have low risk of bias, except for some risk of performance bias. This was due to the lack of clarity to whether investigators where blinded from the intervention assignment. The authors clearly reported their aim, outcome measures and methods, patient characteristics, intervention, confounders, results, and attrition. Accordingly, the external validity of the study was adequate. The study contained consecutive patients attending the Breast Oncology Unit of the Hospital Virgen de las Nieves and Hospital Clínico San Cecilio, Granada (Spain) from June 2010 to September 2011. Randomization procedures were computer generated. Only assessors were blinded to the intervention since patients were receiving an overt treatment. Patient compliance was adequately measured. Patients in the treatment group completed 85% of the exercise sessions. Control participants were asked about their physical activity during the study period to ensure their physical activity did not equal or exceed that of the intervention group. The sample size was adequate since a minimum of fifteen participants were required in each group to achieve a power of 90%, however 32 and 33 individuals were in the intervention and control group, respectively. Thus the study was sufficiently powered.
Effects of interventions
This RCT compared pain (by VAS), pain pressure thresholds, and number of MTrPs in the cervical and shoulder area of breast cancer survivors with neck and shoulder-axillary pain before and after a water exercise intervention. The authors reported significant changes in all three outcomes after the exercise intervention. Tables 1 and 2 summarize the results of the study.
There were significant differences in pain intensity scores after the water exercise intervention in the neck and shoulder/axillary area between participants in the water exercise group and the control group. There was variability in the observed pain pressure thresholds between participants in the water exercise group and the control group. The authors reported significant pain pressure threshold differences between the water exercise group and the The authors reported significantly less active MTrPs in the water exercise group after the intervention in all affected muscle areas but the sternocleidomastoid muscle. The experimental group also had a greater reduction in the number of MTrPs relative to the control group. In all unaffected muscles areas, there was significant decrease in trigger points after the intervention. Cantarero-Villanueva et al. (2012) reported only mean number of MTrPs and no variability measures, thus MD scores could not be calculated.
DISCUSSION
One RCT met the inclusion criteria for this study. The study by Cantarero-Villanueva et al. (2012) was adequately powered, well controlled, accounted for potential confounders, and had low attrition providing reliable results. The results suggest that water based aerobic exercise is an effective treatment for myofascial pain. Patients had significantly lower neck and shoulder-axillary pain after the intervention as well as higher pain pressure thresholds over the cervical spine. The number of MTrPs was significantly reduced among participants in the aerobic exercise treatment group after the intervention relative to the control group. Results from this study indicate that aerobic exercise may be modulating central sensitization mechanisms thereby reducing or preventing the formation of MTrPs. These findings present effects similar to those found in the literature on strengthening exercise and myofascial pain. Isometric strengthening exercises have been shown to reduce VAS pain scores and disability indices in MPS (Acar and Yilmaz, 2012; Buttagat et al., 2016; Cho et al., 2012; Trampas et al., 2010) . The benefits received from these interventions suggest that exercise may be increasing blood supply and metabolic resources to MTrPs possibly through the mechanical displacement of muscle fibres. Strengthening and aerobic exercises probably results in local increases in blood pressure with improvement in blood flow to resistant areas. This may improve the increased resistance of the vascular bed that characterizes the MTrP (Ballyns et al., 2011; Sikdar et al., 2009; Turo et al., 2013) .
In this study, pain pressure thresholds increased only in the cervical spine muscles of the water exercise group. This muscle group is utilized extensively during water-based activities and therefore may have been strengthened to a greater extent than other muscle groups. This is potentially the explanation for the increased pain threshold observed in the cervical area. Several studies investigating the effects of strengthening exercises on muscle groups associated with MPS have also reported similar results (Buttagat et al., 2016; Trampas et al., 2010) . Buttagat et al. (2016) found significant improvements in pain intensity and pain pressure thresholds after patients with myofascial pain in the scapular area were administered scapular stabilizing exercises. Trampas et al. (2010) also found increases in pain pressure thresholds after strengthening exercise but no reduction in the number of trigger points present. These studies suggest that aerobic exercise and strengthening exercise influence different but complementary mechanisms to alleviate myofascial pain. Aerobic exercise may reduce the presence of generalized pain and number of MTrPs, whereas strengthening exercises may provide additional support to affected muscle groups and increase pain tolerance. More studies are needed to assess outcomes and mechanisms influenced by aerobic exercise in people with myofascial pain.
This systematic review provides the first review assessing the benefits of aerobic exercise on MPS. The systematic search for this review was extensive, encompassing a wide range of exercise terms and four scientific and medical databases were used to locate articles studying the effect of this intervention. Only one study (Cantarero-Villanueva et al., 2012) met our inclusion and exclusion criteria. It had a low risk of bias, presenting strong evidence for the potential utility of aerobic exercise as a non-pharmacological intervention for MPS. Several outcome measures were assessed in this study, which provided insight into the specific effects aerobic exercise may have on myofascial pain, namely the pain intensity (VAS), pain pressure thresholds, and the number of MTrPs. There is a need to identify feasible and economical treatments that improve the well-being and quality of life in people living with MPS. Cantarero-Villanueva et al. (2012) findings provide evidence that aerobic exercise is an effective and practical intervention.
Several limitations are present when conducting this review. Utilizing palpation to detect MTrPs has poor inter-rater reliability, and thus may have influenced the MTrP count reported by Cantarero-Villanueva et al. (2012) . Their study used one unblended assessor to perform the MTrP count. There is the risk of expectation bias with this approach. However, this could have mitigated the poor interrater reliability associated with palpation if the assessor was accurate at detecting MTrPs. However, if the accuracy was low or variable the reported outcomes may have been biased. Another limitation was that the studies included in this review were English language publications only, which may have produced further bias. A final limitation was that only one article was identified limiting the conclusions on the effects of aerobic exercise on myofascial pain.
Despite these limitations, the risk of bias in this study was low, which lends to the strength of its conclusions. No intervention related adverse effects were reported in this study. Therefore, clinicians may consider recommending aerobic exercise to help manage patients' myofascial pain symptoms. Based on the available evidence, aerobic exercise in combination with strengthening and stretching exercises would be effective at managing myofascial pain due to their complementary effects on pain mitigation, reduction of trigger point formation, and increasing pain tolerance. The appropriate exercise prescription should be personalized and observe any specific patient related contraindications. Further research is necessary to elucidate the effects of aerobic exercise alone or in combination with other types of exercise or treatment methods such as dry needling on MPS. Furthermore, future research should investigate the benefits of aerobic exercise on the pathophysiological mechanisms of myofascial pain, such as assessing inflammatory or stress response changes. This will better elucidate the role of aerobic exercise in managing MPS and potentially other chronic pain disorders. Previous research has demonstrated that women are more responsive to exercise induced hypoalgesia after aerobic exercise relative to men (Vaegter et al., 2014) . Investigating gender differences in hypoalgesia responses after aerobic exercise between males and females living with myofascial pain should also be considered.
